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============

Because of its large mass, close to the electroweak (EW) symmetry breaking scale, the top quark is predicted to play an important role in several new physics scenarios. If the new physics scale is in the available energy range of the CERN LHC, the existence of new physics could be directly observed via the production of new particles. Otherwise, new physics could affect standard model (SM) interactions indirectly, through modifications of SM couplings or enhancements of rare SM processes. In this case, it is useful to introduce a model independent approach to parametrize and constrain possible deviations from SM predictions, independently of the fundamental theory of new physics.

Several searches for new physics in the top quark sector including new non-SM couplings of the top quark have been performed at the Tevatron and LHC colliders \[[@CR1]--[@CR4], [@CR4]--[@CR10]\]. Most of the previous analyses followed the anomalous coupling approach in which the SM Lagrangian is extended for possible new interactions. Another powerful framework to parametrize deviations with respect to the SM prediction is the effective field theory (EFT) \[[@CR11], [@CR12]\]. Constraints obtained on anomalous couplings can be translated to the effective coupling bounds \[[@CR1], [@CR13]\]. Several groups have performed global fits of top quark EFT to unfolded experimental data from the Tevatron and LHC colliders \[[@CR14], [@CR15]\]. Due to the limited access to data and details of the associated uncertainties, correlations between various cross section measurements and related uncertainties are neglected in a global fit on various unfolded measurements. On the other hand, EFT operators could affect backgrounds for some processes constructively or destructively while cross sections are measured with the SM assumptions for background processes. Inside the CMS Collaboration and with direct access to data, all mentioned points could be considered properly.

In this paper, the EFT approach is followed to search for new physics in the top quark sector in the dilepton final states. In Refs. \[[@CR13], [@CR16]\], all dimension-six operators that contribute to top quark pair ($\documentclass[12pt]{minimal}
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The paper is structured as follows. In Sect. [2](#Sec2){ref-type="sec"}, a description of the CMS detector is given and the simulated samples used in the analysis are detailed. The event selection and the SM background estimation are presented in Sect. [3](#Sec3){ref-type="sec"}. Section [4](#Sec4){ref-type="sec"} presents a description of the signal extraction procedure. An overview of the systematic uncertainty treatment is given in Sect. [5](#Sec5){ref-type="sec"}. Finally, the constraints on the effective couplings are presented in Sect. [6](#Sec6){ref-type="sec"}, and a summary is given in Sect. [7](#Sec10){ref-type="sec"}.

The CMS detector and event simulation {#Sec2}
=====================================

The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diameter, providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator hadron calorimeter, each composed of a barrel and two endcap sections. Forward calorimeters extend the pseudorapidity ($\documentclass[12pt]{minimal}
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In order to calculate the total cross sections for the $\documentclass[12pt]{minimal}
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Event selection and background estimation {#Sec3}
=========================================

The event selection for this analysis is similar to the one used in Ref. \[[@CR10]\]. The events of interest are recorded by the CMS detector using a combination of dilepton and single-lepton triggers. Single-lepton triggers require at least one isolated electron (muon) with $\documentclass[12pt]{minimal}
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Offline, the particle-flow (PF) algorithm \[[@CR46]\] aims to reconstruct and identify each individual particle with an optimized combination of information from the various elements of the CMS detector. Electron candidates are reconstructed using tracking and ECAL information \[[@CR47]\]. Requirements on electron identification variables based on shower shape and track-cluster matching are further applied to the reconstructed electron candidates, together with isolation criteria \[[@CR10], [@CR47]\]. Electron candidates are selected with $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |<2.4$$\end{document}$, with a minimum $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}}$$\end{document}$ of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$20\,\text {GeV} $$\end{document}$.
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The contributions of SM processes leading to two prompt leptons in the final state are estimated from simulated samples and are normalised to the integrated luminosity of the data. These contributions originate mainly from $\documentclass[12pt]{minimal}
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The various input variables for training the NN introduced above are described below and are shown in Table  [4](#Tab4){ref-type="table"}.M$\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec5}
========================

The normalization and shape of the signal and the backgrounds are both affected by different sources of systematic uncertainty. For each source, an induced variation can be parametrized, and treated as a nuisance parameter in the fit that is described in the next section.

A systematic uncertainty of 2.5% is assigned to the integrated luminosity and is used for signal and background rates \[[@CR58]\]. The efficiency corrections for trigger and offline selection of leptons were estimated by comparing the efficiency measured in data and in MC simulation using $\documentclass[12pt]{minimal}
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Various uncertainties originate from the theoretical predictions. The effect of the renormalization and factorization scale uncertainty from the $\documentclass[12pt]{minimal}
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The uncertainty in the PDFs for each simulated signal process is obtained using the replicas of the NNPDF 3.0 set \[[@CR64]\]. The most recent measurement of the top quark mass by CMS yields a total uncertainty of $\documentclass[12pt]{minimal}
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Constraints on the effective couplings {#Sec6}
======================================

The six Wilson coefficients sensitive to new physics contributions in top quark interactions, as defined in Eqs. [1](#Equ1){ref-type=""}--[5](#Equ5){ref-type=""}, are tested separately in the observed data. The event yields and the NN output distributions in each analysis category, summarized in Table [3](#Tab3){ref-type="table"}, are used to construct a binned likelihood function. All sources of systematic uncertainty, described in Sect. [5](#Sec5){ref-type="sec"}, are taken into account as nuisance parameters in the fit. A simultaneous binned maximum-likelihood fit is performed to find the best fit value for each Wilson coefficient together with 68 and 95% confidence intervals (CIs) \[[@CR70]\]. In this section, distributions of the log-likelihood functions are shown with one nonzero effective coupling at a time for $\documentclass[12pt]{minimal}
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The results of the fit for the individual channels and for all channels combined are listed in the first row of Table [5](#Tab5){ref-type="table"}.
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In order to set limits on the effective couplings $\documentclass[12pt]{minimal}
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Fig. 5Observed (solid) and expected (dotted) log likelihoods for the effective couplings: $\documentclass[12pt]{minimal}
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